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x 6\QWKHWLF0RPHQW6\QWKHWLF$FW7HFKQRORJ\ ± DOORZV WKHDXWRPDWLFGHYHORSPHQWRI WKH FRQVROLGDWHG IRUPRI
DQ\ OHJLVODWLYH DFW RI WKH 5RPDQLDQ DQG (XURSHDQ OHJLVODWLRQ IRU DQ\ GDWH ZLWK DPHQGPHQWV DXWRPDWLFDOO\
LQVHUWHGGLUHFWO\LQWRWKHWH[W
x 6PDUWVHDUFKZLWKUDQNLQJ ± *RRJOHVHDUFK








 &RXUWV V\VWHP DQG 3URVHFXWRU¶V RIILFHV DUFKLYLQJ DQG GRFXPHQW JHQHUDWLRQ XVHG LQ WKH JRYHUQPHQW V\VWHP





OHJLVODWLYH DUHD DQ\ OHJLVODWLYH UHJXODWLRQ EHLQJ IRXQG GXH WR /HJH VHUYLFH E\ DFFHVV WR WKH ,QGDFR OHJLVODWLYH
GDWDEDVH DQ\ZKHUH DQG DQ\WLPH ERWK RQ GHVNWRS FRPSXWHUV DQG ODSWRSV DV ZHOO DV RQ PRELOH GHYLFHV WDEOHWV
VPDUWSKRQHVH%RRN5HDGHU
)XQFWLRQDOLWLHV WKDW UDQN /HJH 2QOLQH ILUVW DPRQJ OHJDO SURGXFWV DQG ZKLFK DUH QRW IRXQG LQ WKH FRPSHWLQJ
SURGXFWV 6PDUW VHDUFK ± E\ VLPSO\ HQWHULQJ WKH WHUPV LQ WKH VHDUFK EDVH WKH GHVLUHG UHVXOWV ZLOO EH LQVWDQWO\
GLVSOD\HGE\UHOHYDQFH /HJLVODWLYHKLVWRU\ ± EHFDXVH PRVWRIWKHLQIRUPDWLRQLV YLVXDOO\UHFHLYHGWKH/HJLVODWLYH
KLVWRU\ LV WKH LGHDO WRRO WKDWKHOSV V\QWKHVL]H LQIRUPDWLRQDERXW WKHDFWXQGHU VWXG\ LQ DQRULJLQDODQGTXLFNZD\
9HUVLRQLQJDQGFRPSDULQJDUWLFOHVRIODZDQGFRUUHODWLQJOHJLVODWLYHDFWV DWDUWLFOHDQGSDUDJUDSKOHYHO 7D[FDOHQGDU
±WKHFDOHQGDURIWD[OLDELOLWLHVWRWDOVDOOVWDWHPHQWVRUIRUPVWREHILOHGDQGSD\PHQWVWREHPDGHWRWKHFRPSHWHQW
ERGLHVGXULQJWKHILQDQFLDO\HDU &RPPHQWVRIH[SHUWV ± FRQVXOWDQWV ZLWKKLJKSURIHVVLRQDOFRPSHWHQFHLQWKHOHJDO
WD[DFFRXQWLQJDUHDVSURYLGHH[SHUWLVHIRUDWKRURXJKXQGHUVWDQGLQJRISDUWVRIWKHGRFXPHQWVDQGOHJLVODWLYHDFWV
H[LVWLQJLQ/HJH
:RUNLQJ JURXSV3HUVRQDO FRPPHQWV ±/HJH LV WKH RQO\ OHJLVODWLYH DSSOLFDWLRQ WKDW UHLQYHQWV WHDPZRUN 7KH




HIILFLHQWO\,W LVUHFRPPHQGHGWRSUDFWLWLRQHUV ± ODZ\HUV MXGJHVQRWDULHVHFRQRPLVWVRURWKHUSURIHVVLRQDOVLQWKH
OHJDODQGHFRQRPLFDUHD ±IRUWKHFRPSOH[LW\RIWKHLQIRUPDWLRQSURYLGHG
,'UHSW LV D OHJDO LQIRUPDWLRQSODWIRUPDYDLODEOHRQOLQH WKDWDOORZVTXLFNDFFHVVEDVHGRQDXWKHQWLFDWLRQ WRDQ
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 7\SHVRIH[SHUWV\VWHPVPDGHLQWKHOHJDOILHOG













FODLPPD\EHGUDIWHG ± WKHUHTXHVWFRQWDLQLQJWKHDUJXPHQWV UHVXOWHG IURPWKHFDVHDQDO\VLV
 ,QWHOOLJHQWV\VWHPVIRUGLVSXWHV7KH\GRPRUHWKDQJHQHUDWHDQG ILOOLQ IRUPV 7KH\FDOFXODWHGHDGOLQHV IRUWKH
VXEPLVVLRQRIGRFXPHQWVDQGPDQDJH OLVWVRIGRFXPHQWVUHTXLUHGLQ DGLVSXWH7KLVSURJUDPLVEDVHGRQFDSWXULQJ
WKHRUJDQL]DWLRQDOVNLOOVRIDODZ\HUDQG LQ GRFXPHQWJHQHUDWLRQRUIRUPILOOLQJ LQWHUSUHWDWLRQ VNLOOVDUHXVHG
 6\VWHPV IRU FRPSXWHUDLGHG OHDUQLQJ LQ WKH OHJDO ILHOG $Q\ RI WKH SUHYLRXV V\VWHPV FDQ H[SORLW WKHLU
NQRZOHGJHEDVHLQRUGHUWRXVH LWDQG IRUFRPSXWHUDLGHG OHDUQLQJ,QDGGLWLRQWRWKHW\SHVRIOHJDOH[SHUWV\VWHPV
OLVWHG WKHUH DUH DOVR PL[HG V\VWHPV FRQWDLQLQJ HOHPHQWV IURP VHYHUDO RI WKHVH FDWHJRULHV 7KHUH DUH IRUPDO
FRQVXOWDQF\ V\VWHPV WKDW DUH VXFFHVVIXOO\ XVHG LQ WKH ILHOG RI VXFFHVVLRQV IRU IHH FDOFXODWLRQ HWF ZKLFK DOVR
LQFOXGHPRGXOHVWKDWDXWRPDWLFDOO\JHQHUDWH FHUWDLQ DGPLQLVWUDWLYHGRFXPHQWV6WUDWHJ\ V\VWHPV FDQEXLOG WKHFODLP
DQG WKHVHWRIDUJXPHQWVDGPLVVLEOHLQ FRXUW ,QFOXGLQJ VNLOOV W\SLFDOWR IRUPDODQGVWUDWHJLF FRQVXOWDQF\ V\VWHPV WKH
H[SHUW V\VWHPV GHVLJQHG WR VROYH FDVHV DV D MXGJH HYHQ UHQGHU GHFLVLRQV ,W LV DERXW WKRVH DSSOLFDWLRQV WKDW DUH
PDQGDWRULO\VHWWOHGE\ FRXUWMXGJPHQWEXWZKRVHFRQWHQWLV YHU\HDV\ WRIRUPDOL]H 7KHORZFRVWVRI,7 V\VWHPV DV
FRPSDUHGWRWKHODUJHDPRXQWVLPSOLHGE\WKHFODVVLFDOSURFHGXUH KDYHGHWHUPLQHGWKH QHHGIRU VHWWOHPHQWRIVXFK
FODLPV E\ H[SHUW V\VWHPV ± IRU H[DPSOH LQ *HUPDQ\ DSSOLFDWLRQV IRU FLWL]HQVKLS WDNH DGYDQWDJH RI WKLV QHZ
SURFHGXUHWKHGHFLVLRQ RIWKH,7 V\VWHP KDYLQJWKH UHFRJQLWLRQRI D FRXUW MXGJPHQW>@
 'HYHORSLQJWKHLQWHUDFWLYHGLJLWDOSODWIRUP(OHJLVODWLRQIRUFLWL]HQV













RUGHU WR GHYHORS DQG PDQDJH GLJLWDO UHSRVLWRULHV 7KH GLJLWDO UHSRVLWRU\ LV D FROOHFWLRQ RI GLJLWDO GRFXPHQWV
RUJDQLVHG LQDZHOOGHILQHGKLHUDUFKLFDOVWUXFWXUH'6SDFHVRIWZDUH LV IUHHDQGHDV\ WR LQVWDOO RXWRI WKHER[DQG
IXOO\FXVWRPLVDEOHVRDVWRVXLWWKHQHHGVRIDQ\RUJDQLVDWLRQ
'6SDFHSUHVHUYHVDQGHQDEOHVHDV\DQGRSHQDFFHVVWRDOOW\SHVRIGLJLWDOFRQWHQWLQFOXGLQJWH[WLPDJHVPRYLQJ
LPDJHV YLGHR DQG GDWD VHWV :LWK D JURZLQJ FRPPXQLW\ RI GHYHORSHUV FRPPLWWHG WR FRQWLQXH H[SDQGLQJ DQG
LPSURYLQJ WKH VRIWZDUH HDFK DSSOLFDWLRQ LQVWDOODWLRQ EHQHILWV IURP WKH H[SHULHQFH RI WKH SUHYLRXV XVHUV DQG
GHYHORSHUV
'6SDFH LV WKH VRIWZDUH PHGLXP RI D GLJLWDO UHSRVLWRU\ RI GRFXPHQWV ,Q WXUQ WKH GLJLWDO UHSRVLWRU\ LV WKH
VRIWZDUHPHGLXPLQZKLFKWKH GLJLWDOLQVWLWXWLRQDOUHSRVLWRU\ PD\EHFUHDWHG7KHUHDUHVHYHUDOGHILQLWLRQVRIWKH
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³LQVWLWXWLRQDOUHSRVLWRU\´/\QFKGHILQHVWKHLQVWLWXWLRQDOUHSRVLWRU\DV³DVHWRIVHUYLFHVWKDWDXQLYHUVLW\RIIHUVWRWKH
PHPEHUVRILWVFRPPXQLW\IRUWKHPDQDJHPHQWDQGGLVVHPLQDWLRQRIGLJLWDOPDWHULDOVFUHDWHGE\WKHLQVWLWXWLRQRULWV
FRPPXQLW\ PHPEHUV ,W LV PRVW HVVHQWLDOO\ DQ RUJDQLVDWLRQDO FRPPLWPHQW WR WKH VWHZDUGVKLS RI WKHVH GLJLWDO
PDWHULDOVLQFOXGLQJ ORQJWHUPSUHVHUYDWLRQZKHUHDSSURSULDWHDVZHOODVRUJDQLVDWLRQDFFHVVRUGLVWULEXWLRQ´:DUH





7KH VWDJHV RIWKHGLJLWL]DWLRQSURFHVV PD\ EHVFKHPDWLFDOO\ UHSUHVHQWHG )LJ  LQWKHIROORZLQJZD\
)LJ 'LJLWL]DWLRQ SURFHVVVFKHPH>@
 )HDWXUHVDQGSDUDPHWHUVRIWKHVFDQQLQJSURFHVV
5HVROXWLRQ LVRQHRIWKHPRVWLPSRUWDQWSDUDPHWHUVWREHVHWEHIRUHVWDUWLQJ WKHVFDQDQGWKHIRUPDW RIWKH ILOHWR
EHXVHG
5HVROXWLRQ LVWKHQXPEHURIGRWV SHU LQFKGSLERWKYHUWLFDOO\DQGKRUL]RQWDOO\ZKLFKDUHUHFRUGHGDQGIRUPD
ILOH7KH IROORZLQJUHVROXWLRQV DUHUHFRPPHQGHG IRUGLIIHUHQWW\SHVRIVFDQV
x *UD\VFDOH GSL
x &RORU5*%DQG&0<.GSL
x *UDSKLFVWH[W ± GSL
x ,PDJHVZLWKOHYHOVRIJUD\RUFRORUZLWKWH[WGSL
6FDQQLQJ HTXLSPHQWSURYLGHVWZRW\SHVRIUHVROXWLRQ RSWLFDOUHVROXWLRQ DQG LQWHUSRODWHGUHVROXWLRQ
2SWLFDOUHVROXWLRQ LVWKH PD[LPXP QXPEHURISL[HOVWKDWFDQEHFDSWXUHGE\WKHVFDQQHU
,QWHUSRODWHGUHVROXWLRQ LVDUWLILFLDOO\JHQHUDWHGE\VRIWZDUH EDVHGRQWKHHVWLPDWLRQRI DQXPEHURI YLUWXDOSL[HOV
LQWHUSRVHG EHWZHHQ WKH UHDOSL[HOV FDSWXUHG E\VFDQQLQJ
5HVROXWLRQLVGLUHFWO\SURSRUWLRQDOWR WKH ILOHVL]HVRWKDWE\ RYHUVFDQ YHU\ ODUJHDQGGLIILFXOWWRPDQDJH ILOHV
PD\EH JHQHUDWHG 0RUHRYHURYHUO\ODUJHILOHVUHTXLUHYHU\ORQJWLPHWRGRZQORDG)RUH[DPSOHDWH[WZULWWHQE\DQ
RUGLQDU\W\SHZULWHUPD\EHUHSURGXFHGLQJRRGFRQGLWLRQV ZLWKDGSL UHVROXWLRQ)RUVPDOOHUIRQW D UHVROXWLRQRI
GSL ZLOO KDYH WREHVHW ,IGUDZLQJVRUJUDSKLFVPXVWEHUHSURGXFHG ERWK LQ JUD\VFDOH DQGFRORU ZKLFKDOVR
KDYH WH[WSDVVDJHV DUHVROXWLRQRIGSL LVUHTXLUHG
,Q RUGHU WR FUHDWHWKH GLJLWDO UHSRVLWRU\ RIWKH&ULPLQDO&RGH %RRNQHWNLRVN )LJ  VFDQQHUZDVXVHG
7KH %RRNQHW NLRVN SURGXFWLRQ LV D VSHFLDO GHYHORSPHQW IRU IDVW ERRN GLJLWL]DWLRQ'XH WR WKH KLJK VFDQQLQJ
VSHHG WKH %RRNQHWVFDQQHURIIHUV D SURGXFWLYLW\ RIRYHUSDJHVKRXU EHLQJHQGRZHG ZLWK
x  RUPHJDSL[HOVHQVRU
x +LJK SHUIRUPDQFH VHQVRU
x $GGLWLRQDO 0DNURORQSDQHOIRUQRQUHIOHFWLRQ
x 2SHUDWHV ZLWKDQH[WHUQDO3&







































7KH VFDQQHU LV HTXLSSHG ZLWK WKH %RRNQHW ([SHUW VRIWZDUH WKDW SURYLGHV DQ RSWLPL]HG SRVWSURFHVVLQJ
ZRUNIORZ
7KH QHZ IDVW ERRNQHW VFDQQHU LV GHVLJQHG WR GLJLWL]H ODUJH IRUPDWV DQG DOORZV FDSWXULQJ ODUJH RULJLQDOV
LQFOXGLQJ$ 7KHHTXLSPHQW KDVDFXWWLQJHGJHFDPHUD WHFKQRORJ\ EHLQJ HQGRZHG ZLWKD' GLJLWDO FDPHUDDEOH
WR FDSWXUHKLJKTXDOLW\ LPDJHV ZKLOH JHQHUDWLQJ VPDOO ILOHV WKH 2&5 UHFRJQLWLRQRI FKDUDFWHUV EHLQJ DOVRJUHDWO\
LPSURYHG 7KH OLJKWLQJFRQFHSW LVEDVHGRQD /(' V\VWHPWKDWHQVXUHVXQLIRUP OLJKW GLVWULEXWLRQ GXULQJVFDQQLQJ
ZKLFKDOORZV FORVH UHSURGXFWLRQRIWKHRULJLQDOFRORURIWKHGRFXPHQW
7KH VRIWZDUH IHDWXUHV RI WKH %RRNQHW NLRVN VFDQQHU HQVXUH VLPSOH RSHUDWLRQ DQG SURYLGH WKH RSHUDWRU ZLWK
RSWLPXPIDFLOLWLHV 7KH JUDSKLFDOLQWHUIDFHLV V\QRSWLFDQG XVHUIULHQGO\ DQGLW FDQDOVREHDGDSWHGWRDQ\LQGLYLGXDO
UHTXLUHPHQWV LQ RUGHU WR LQFUHDVH HIILFLHQF\ RI WKH SURIHVVLRQDO DFWLYLW\ 7KH VRIWZDUH FRPSRQHQW %RRNQHW
([SHUWKDVDQLQWHJUDWHGPRGXOHRILPSURYLQJLPDJHTXDOLW\
0RUHRYHU WKH VRIWZDUH FRPSRQHQW SURYLGHVZRUNIORZRSWLPL]DWLRQ E\ RIIHULQJ QXPHURXV IHDWXUHV WR LQFUHDVH
LPDJHTXDOLW\DVZHOODV DXWRPDWLFJURXSSRVWSURFHVVLQJ
,QRUGHUWRPD[LPL]HZRUNIORZSURGXFWLYLW\LW LVUHFRPPHQGHG WRVHSDUDWH WKH LPDJH LPSURYHPHQWSURFHVVIURP
WKH VFDQQLQJ SURFHVV 7KH %RRNQHW ([SHUW SDFNDJH LV VSHFLDOO\ GHVLJQHG IRU SURIHVVLRQDO HGLWLQJ RI LPDJHV LQ
FRQMXQFWLRQZLWKODUJHTXDQWLWLHVRIVFDQQHGGRFXPHQWV7KXV LQGLYLGXDOHGLWLQJWRROV PD\EHORJLFDOO\FRPELQHG LQ
RUGHU WR FUHDWH D ZRUNIORZ ZLWK FHUWDLQ FKDUDFWHULVWLFV %\ XVLQJ WKH LQWHJUDWHG ³EDWFK DQG VSRRO´ IXQFWLRQ WKH
DXWRPDWLF KLJKVSHHGSURFHVVLQJRIDUFKLYHVDQGZRUNLQJILOHV PD\EHSHUIRUPHG 7KH³GUDJDQGGURS´ WHFKQLTXH
DOORZV TXLFN DQG VLPSOH SHUIRUPDQFH RI FRPSOH[ HGLWLQJ RSHUDWLRQV LQYROYLQJ JRLQJ WKURXJK VHYHUDO SKDVHV DQG
1128   Ana-Maria Cornelia et al. /  Procedia Technology  19 ( 2015 )  1123 – 1129 
DFWLYLWLHVRIJUHDWGLIILFXOW\ 7KHSHUIRUPDQFHRIIHUHGE\ %RRNQHW([SHUW ZLWKUHVSHFWWR LQFUHDVLQJLPDJHTXDOLW\
DQG UHGXFLQJ WKH VL]H RI ILOHV FDQ EH DGGHG WKH SRVVLELOLW\ WR DFKLHYH D ORQJWHUP SURIHVVLRQDO UHSRVLWRU\ ZLWK
PD[LPXPHFRQRPLFHIILFLHQF\
,QGH[LQJVHUYLFHV FDQ RFFXS\ XSWRRIWKH YROXPHRI GLJLWL]DWLRQDFWLYLW\ ZKLFKLQYROYHVKLJKFRVWV RI
ODERUDQGH[SHUWLVH 7KHGHYHORSHGDQGRIIHUHGVROXWLRQVSURYLGHUDGLFDOUHGXFWLRQRI VXFK FRVWVDQGDKLJKGHJUHHRI
DFFXUDF\7KHVROXWLRQLV WUDQVSDUHQWWRWKH FXVWRPHUZKRLVSURYLGHG ZLWK ZHE DFFHVVIRUWKH SURMHFW7KXVKHLV
DEOHWRIROORZWKHSDFHDQGTXDOLW\FRQGLWLRQVLQZKLFKWKHDFWLYLWLHV DUHFDUULHGRXW
 7KHLQGH[LQJSURFHVVRIOHJDOGRFXPHQWV
,QGH[LQJ LV GHILQHG DV WKH UHSUHVHQWDWLRQ E\ WKH GRFXPHQWDU\ RU QDWXUDO ODQJXDJH RI GDWD UHVXOWLQJ IURP WKH
DQDO\VLVRIWKHFRQWHQWRIDGRFXPHQWRUDSDUWRIDGRFXPHQWIRULWVUHWULHYDOW\SHRIDQDO\VLVRIDGRFXPHQWZKRVH
FRQWHQWLVH[SUHVVHGE\GHVFULSWRUVRUNH\ZRUGV>@









,1'(;,1*7(50 '(6&5,3725 ĺ'(6&5,3725,1'(;,1* 7+(6$8586
7KH (OHJLVODWLRQIRU FLWL]HQV¶ FRPPXQLW\LVFUHDWHG)LJ 
)LJ &ROOHFWLRQ(OHJLVODWLRQIRUFLWL]HQV
 &RQFOXVLRQV
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7KHVRIWZDUHDSSOLFDWLRQ KDVSUDFWLFDOLPSOLFDWLRQVDQGUHSUHVHQWVDQRULJLQDOVROXWLRQWRWKHQHHGVRIVRFLHW\7KH





7KLV SDSHU LV VXSSRUWHG E\ WKH 6HFWRUDO 2SHUDWLRQDO 3URJUDPPH +XPDQ 5HVRXUFHV 'HYHORSPHQW
326'586
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